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COMPLETE SPECIFICATION 



Substituted Benzimidazoles and Anthelmintic Compositions 

containing them 



We, Smith Kline & French Labora- 
tories of 1500 Spring Garden Street, City 
of Philadelphia, Zone 1, Commonwealth of 
Pennsylvania, United States of America, a 
corporation organized under the laws of the 
Commonwealth of Pennsylvania, one of the 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement : — 

This invention relates to benzimidazole 
compounds and compositions having anthel- 
mintic activity. In particular, the invention 
relates to benzimidazoles having a 2-amido 
group, or a thio analog thereof. 

The compounds of the invention are char- 
acterized by the following structural for- 
mula: 




L I II 

v- c - 



wherein: 

A is (1) an unsubstituted or methyl sub- 
stituted monocyclic 5-membered 
heterocyclic ring bonded to the 
carbonyl group through one of 
its carbon atoms; or 
(2) straight or branched chain alkyl 
of 2 to 10 carbon atoms; cyclo- 
alkyl or alkyl-cycloalkyl of 3 to 
10 carbon atoms; straight or 



IPric 



branched chain alkenyl of 3 to 
10 carbon atoms; straight or 
branched chain alkynyi of 3 to 
10 carbon atoms; naphthyl, 
alkylphenyl; or alkoxyphenyl; 
provided that when A is alkenyl 
or alkynyi, the double or triple 
bond thereof is not conjugated 
with the C=X double bond; 
X is oxygen or sulfur; 
R is hydrogen, alkyl of 1 to 10 carbon 

atoms, hydroxyalkyl of 1 to 10 carbon atoms, 

or benzyl; 

R 1 is hydrogen or alkyl of 1 to 10 carbon 
atoms; and 

Y and Z are hydrogen, alkyl of 1 to 
10 carbon atoms, alkoxy of 1 to 10 carbon 
atoms, trifluoromethyl, amino, alkylamino, di- 
alkylamino, cyano, acylamino, halo, hydroxy, 
nitro, alkylthio, carboxy, carbalkoxy, carb- 
amoyl, alkylcarbamoyl, or dialkylcarbamoyl, 
all the alkyl groups having 1 to 4 carbon 
atoms therein. 

Where A is a heterocyclic group, the pre- 
ferred compounds are those in which A is 
2-furyl or 2-thienyl. 

Other preferred compounds are those in 
which A is cyclopropyl, isopropyl, ethyl, 
propyl, or cyclobutyl; R and R 1 are hydro- 
gen; Y and Z are hydrogen or methyl; and 
X is oxygen. 

The heterocyclic nuclei embraced by for- 
mula I are those in which the hetero atoms 
are nitrogen, oxygen, and/or sulfur, and 
have a minimum of 2 carbon atoms. They 
include 2-furyl, 3-furyl, 5 - methyl - 2- 
furyl, 2-tetrahydrofuryl, 3-tetrahydrofuryl, 2- 
thienyl, 3-thienyl, 2-,tetrahydrothienyl, 2- 
oxazolyl, 4-oxazolyl, 5-oxazolyl, 4 - methyl- 
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5 - oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5- 
isoxazolyl, 3,5 - dimethyl - 4 - isoxazolyl, 
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 1,2,5-oxa- 
diazol-3-yl, 1,2,5 - thiadiazol - 3 - yl, 1,2,5- 
5 thiadiazol - 4 - yl, 1,2,3 - thiadiazol - 5- 
yl, 2-pyrrolyl, 3-pyrrolyl, 2-pyrrohdinyl, 2- 
imidazolyl, 4-imidazolyl, 1,2,3 - triazin - 4- 
yl, 3-pyrazolyl, and 4-pyrazolyl. 

It will be apparent to those skilled in 

10 the art of organic chemistry that some of 
the compounds of the invention will exist in 
the form of optical isomers by virtue of the 
asymmetry at certain carbon atoms, particu- 
larly those where A is a branched chain alkyl 

15 group. It is intended that this invention in- 
clude both the d and 7-isomers and their 
racemic mixtures, the mixtures being separ- 
able by methods known to the art. 

The compounds of the invention are gener- 

20 ally prepared by condensing a 2-aminobenz- 
imidazole with a compound of the formula 



A— C— CI, 

where X is as defined above, and A is a 
heterocyclic group as denned above, an alkyl 

25 group as defined above, a cycloalkyl or alkyl- 
cycloalkyl group as defined above, an alkenyl 
group as defined above ; an alkynyl 
group as defined above j alkylphenyl, alkoxy- 
phenyl; or naphthyl. 

30 When a compound of the formula 

O 

A— C— CI 

is used for the condensation, the product is 
an amidobenzimidazole. The starting acid 
chlorides are obtained commercially or are 
35 prepared from the corresponding carboxylic 
acids by conventional methods, such methods 
including treatment with thionyl chloride, 
oxalyl chloride, and phosphorus penta- 
chloride. 

40 The starting 2-aminobenzimidazole may be 
substituted on the benzene ring, the ring 
nitrogen, or the exocyclic nitrogen as indica- 
ted above. The condensation of the acid 
chloride with the 2-aminobenzimidazole is 

45 best carried out in the presence of a base 
in a solvent. One preferred method of pre- 
paration utilizes one compound both as the 
base and the solvent Such basic solvents in- 
clude pyridine and the alkylated pyridines. 

50 A second preferred method utilizes triethyl- 
amine as a base and a mixture of tetrahydro- 
furan and acetone as solvent. Other base- 
solvent systems will be apparent to those 
skilled in the art of organic chemistry. The 

55 carboxylic acid chloride is preferably added 
dropwise to an equimolar amount of 2 -am in o- 
berizimidazole dissolved in pyridine. The solu- 
tion is stirred for about 1 — 3 hours, and 



then heated on the steam bath for a short 
period of time. Water is then added, or the 60 
solution is poured into ice water, to precipi- 
tate the crude product. Purification is achieved 
by a variety of conventional techniques in- 
cluding dissolving the compound in aqueous 
alcoholic alkali and repreripitating with an 65 
acid such as acetic acid, by dissolving the 
compound in a solvent such as dimethylform- 
amide and reprecipitating with water and/or 
acetonitrile, or by recrystallization from alco- 

Compounds of formula I in which Y or 
Z is amino are prepared by catalytic re- 
duction of the corresponding nitro compound, 
preferably using a palladium-on-carbon cata- 

Jyst, . 

Compounds in which Y or Z is a reac- 
tive group such as carboxy or hydroxy are 
best prepared by a procedure which is also 
an alternative procedure applicable to the 
other compounds of the invention. Cyanamide » u 
is allowed to react with a selected carboxylic 
acid chloride in pyridine, triethylamine, or 
other base-containing solvent, and this com- 
pound allowed to react with an appropriately 
substituted ^phenylenediamine, among which 85 
are 4-hydroxy or 4 - carboxy - o - phenylene- 
diamine. Upon workup, the corresponding 
ring-substituted products are obtained. 

Compounds in which Y or Z is hydro- 
gen, alkyl, alkoxy, chloro, bromo, trifluoro- 90 
methyl, nitro, carbamoyl, alkylcarbamoyl, di- 
alkylcarbamoyl, carbalkoxy, alkylamino, di- 
alkylarnino, cyano, acylamino, or alkylthia 
are prepared by either preparative route des- 
cribed above, i.e. by starting with the cor- 95 
responding substituted ^phenylened^amine and 
condensing with the product of the reaction" m 
of cyanamide and an acid chloride, or by first 
preparing the ring-substituted 2-aminobenz- 
imidazole by known methods and treating this 100 
with the acid chloride. 

Compounds in which R is alkyl, hydroxy- 
alkyl, or benzyl are prepared by starting with 
the appropriately substituted 2-aminobenz- 
imidazole, and condensing it with the carb- 105 
oxylic acid chloride, or by alkylating or benzyl- 
ating the final product with a limited amount 
of alkylating or benzylating agent. 

Compounds in which X is sulfur are pre- 
pared by reacting the corresponding com- 110 
pound in which X is oxygen with phos- 
phorus pentasulfide, preferably in a solvent. 

The compounds of Formula I where R 1 
is alkyl and R is hydrogen can also be pre- 
pared by treating <?-phenylenediamine with an 115 
alkyl isothiocyanate to form an alkyl o-amino- 
phenyl thiourea. This compound is cydized 
to form a 2 - alkylaminobenzimidazole, and 
this compound is treated with an acyl halide 
to yield a 2 - (N - alkylacylamino)benz- 12Q 
imidazole. 

Also part of the invention are the pharma- 
ceutically acceptable acid addition salts which. 
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may be prepared in conventional manner from 
the basic compounds of formula I Such saJft 
are prepared by addition of the acid either 
as such or in the form of a solution to an 
5 alcoholic, acetone, or acetonitrile solution of 
the base. Preferred salts are the hydrochloride, 
hydrobromide, sulfate, phosphate, acetate, and 
hexamate. 

The compounds of the invention have been 
10 found to possess a high degree of anthel- 
mintic activity. They are effective against 
a wide variety of helminths, including 
Syphacia obvelata, Nematospir aides dubiits, 
Chabertia, Oesophagostomum spp., Trichuris 
15 ovis, Haemonchus cortiortus, Ostertagia spp., 
Trichostrongylus spp., Ascaris suum 3 Nemaio- 
dirus spp., Cooperia spp., and Strongyloides 
papillosus. 

The amount of ingredient administered 



wiU depend on the weight of the host, but 20 
mil usually be between about 5 mg./kg. 

and 500 mg./kg. of body weight daily. 

For example, 2-isobutyraimdobenzimidazole, 
at an oral daily dose of 50 mg./kg., tested 
in mice with a natural pinworm infection, 25 
following generally the method of McCowert 
et al., reported in the American Journal of 
Tropical Medicine, 6, 894 (1957), cleared 
96% of the worms, while at a 250 mg./ 
kg. dose, it cleared 98%. The LD 50 in mice 30 
is in excess of 1 g./kg. 

Additionally, compounds of this invention, 
at varying daily dosages of 0.0125, 0.05 and 
0.20% of the mouse diet for 5 days, tested 
against a mouse hookworm (N. dubius) in- 35 
fection (0.2% of diet approximates 100 mg./ 
kg. of body weight, based on 20 g. mouse) 
gave the results indicated in the tabulation. 
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Compound 
2-Propionamidobenzimidazole 



2-Butyramidobenzimidazole 
2-Isobutyramidobenzimidazole 



2-Cyclopropanecarboxyamidobenz- 
imidazole 

2 - Isobutyramido - 4 - methylbenz- 
imidazole 

*Figure is average of two experiments 



Percent Percent Reduction 
of Diet of Hookworm Burdetf 
0.0125 10 
0.05 50* 
0.20 78 
0.05 0 
0.20 80 
0.0125 11 
0.05 71* 
0.20 91 
0.05 88* 

0.20 100* 
0.05 85 

0.20 100 



Typical daily dosage in dogs is about 25 — 
250 mg./kg., given orally. 

In four-week old pigs, artificially infested 
with Ascaris suum larvae, 2-isobutyramido- 
benzimidazole was effective in markedly re- 
ducing the mean larval count per lung. Drug 
administration medicated diets were employed 
containing 0.1% of drug in the diet- 
In lambs naturally infested with various 
gastro-intestinal nematodes, compounds of 
Formula I were tested at the dosages indi- 
cated below, expressed in mg./kg. of body 
weight, in a single dose at 10% concentra- 
tion in water, with the results given in the 
tabulation below: 



Compound 

2-Isobutyramidobenz- 

imidazoie (50 mg.) 
2-Butyramidobenz- 

imidazole (50 mg.) 
2-Propionamidoberizimida- 

zole (25 mg.) 
2-Cyclopropanecarboxamido- 

benzimidazole (25 mg.) 
2-Cydobutanecarboxamido- 

benzimidazole (25 mg.) 
Compounds of formula I in 



% 

Reduction 
73.2 



97.83 

97.3 

98.9 

95.6 
which A is 



a heterocyclic group, X is oxygen, and R, 
R 1 , Y and Z are hydrogen have been found 
to have high activity against worms in mice 
and sheep at dose levels of 10 — 250 mg./kg. 85 
2 - (2 - Furoylamino)benzimidazole, causes 
an 80 — 100% reduction in the number of 
worms present in mice infected with Syphacia 
obvelata when administered orally at a dos- 
age level of 10 — 250 mg./kg. In the same 90 
test, 2 - (2 - thenoylamino)benzimidazole 
caused an S4 — 89% reduction at a dose level 
of 250 mg./kg. The furoylamino compound, 
when administered orally to infected sheep at 
a dose level of 12.5 mg./kg., suspended in 95 
80 ml. of water, eliminated 70.9% of the 
gastrointestinal worm burden. The compound 
was especially effective against Chabertia and 
Oesophagostomum spp. and showed good 
effectiveness against Trichuris ovis, Haemon- 100 
chus corttortus, Ostertagia spp., and Tricho- 
strongylus spp. 

The compounds are generally administered 
orally, as a sheep drench or a bolus for cattle. 
Typical drench formulations may include, in 105 
addition to the active anthelmintic compound,, 
terra alba, tragacanth, sodium lauryl sulfate, 
methyl cellulose, polyethylene glycol, silicone 
antifoam, and water. A cattle bolus may in- 
clude calcium phosphate, maize starch, talcum, 110 
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gum arabic, and magnesium stearate. The 
compounds may also be formulated into a 
feed supplement or animal food concentrate 
or may be added directly to the food. 

5 The compounds may also be formulated 
with a carrier into conventional dosage forms, 
such as capsules, liquids, or tablets. 

The following examples illustrate the pre- 
paration of the compounds of the invention, 

10 but are not to be construed as limiting the 
scope thereof. 

Example 1 
2-Propionamidobenzimidazole 
Ten grams of 2-annnobenzimidazole are 

15 added to 60 ml. of pyridine; the mixture 
is held at 0 — 4°C with stirring and 9.65 g. 
of propionyl chloride are added slowly. The 
reaction mixture is stirred for 10 minutes 
in an ice bath and allowed to stand at room 

20 temperature for one hour, followed by heat- 
ing on a steam bath an additional hour. The 
reaction mixture is cooled and poured into 
approximately 3 volumes of water. The white 
crystalline solid which forms is collected, 

25 washed with water and dried, yielding 4.8 g- 
of crude product, m.p. 254.5— 255.5°C. 

The product is recrystallized twice from 
ethanol to give colorless crystals, m.p. 257 — » 
258.5°C. The structure of the desired product 

30 is confirmed by elemental analysis and by IR 
and NMR spectral data. 

Example 2 
2-Isobutyramidobenzimidazole 
Using the procedure detailed in Example 
35 1, 10 g. of 2-ammobenzimidazole and 8 g. 
of isobutyryl chloride are reacted to give 
12.4 g. of crude product, m.p. 242 — 243.5°C. 

Two recrystallizations from ethanol give the 
desired product, m.p. 243— 244°C„ whose 
40 structure is confirmed by elemental analysis, 
IR and NMR spectral data. 

Example 3 
2-Butyramidobenzimidazole 
Using the procedure described in Example 
45 1, 10 g. of 2-aminobenzimidazole, and 8 g. 
of butyryl chloride are reacted yielding 11.45 
g. of product, m.p. 250— 252°C, whose struc- 
ture is confirmed by analytical and spectral 
data. 

50 Example 4 

2-Valeramidobenzimidazole 
Using the procedure described in the pre- 
vious examples, 10 g. of 2-aminobenzimidazole 
and 9 g. of valeryl chloride are reacted to 
55 give 8.25 g. of a crude product, m.p. 203 — 
209°C. 

The crude product is recrystallized twice 
from n-propanol. The pure product (4.7 g., 
m.p. 215— 216 C C) is dried under high vacuum 
65 over P z O s and its structure confirmed by ele- 
mental analysis, and by IR and NMR spectra. 



Example 5 
2-Isovalerarnidobenzimidazole 

Using the procedure described above, 10 
g. of 2-aminobenzimidazole and 9 g. of iso- 70 
valeryl chloride are reacted to yield 12.1 g. 
of a crude product, m.p. 248.5— 252°C. 

The crude product is twice recrystallized 
from n-propanol in a manner similar to that 
previously described in Example 4, yielding 75 
5.9 g. of purified product, m.p. 253 — 254.5°Q 
The identity of the product is confirmed by 
the elemental analysis, IR and NMR. 

Example 6 
2-Pivalamidobenzimidazole 80 
Using the procedure of Examples 4 and 
5, a mixture of 5.32 g. of 2-arninobenzimida- 
zole and 4.8 g. of pivaloyl chloride are reac- 
ted, washed with cold water, and dried to 
give 4.7 g. of a crude product, m.p. 255 — 85 
256.5°C. 

The crude product is twice recrystallized 
from n-propanol. The purified product is 
dried as in Example 4, and submitted for 
elemental analysis and for IR and NMR 90 
spectra. The structure of the purified product 
(1.7 g., nxp. 255— 256.5°C) is confirmed by 
the analytical and spectral data. 



Example 7 
2-Caproylarninobenzimidazole 95 

Using the procedure of the preceding ex- 
ample, 10 g. of 2-ammobenzimidazole and 
10 g- of hexanoyl chloride are reacted, yield- 
ing 13.26 g. of a crude yellow product, m.p. 
219— 223°C. 100 

Six g. of the crude product is twice re- 
crystallized from 7z>-propanol. It is dried under 
vacuum to give the desired product (4.3 g., 
m.p. 225— 226°C), confirmed by analysis. 

Example 8 105 
2-Heptanoylammobenzimidazole 

Using the procedure of the preceding ex- 
amples, 10 g. of 2-ammobenzimidazole and 
11.1 g. of 7t-heptanoyl chloride are reacted 
to give 15.06 g. of a crude product, m.p. HO 
204— 207°C. 

The crude product is twice recrystallized 
from n-propanol. The purified product is dried 
in vacua to give the product (9.52 g., m.p. - 
214 — 215.5°C), confirmed by analysis. 

Example 9 . 
2-Thioisobulyrarm^obenzimidazole . * * , 

2-Isobutyranndobenzimidazole (20.39 g.) 3 
prepared as disclosed in Example 2 above, , 
is mixed with 200 ml. of dry dioxane. Phos- 120 
phorus pentasulfide (11.19 g.) is added, and 
the mixture is refluxed for one hour. The 
reaction mixture is poured into water and 
neutralized to precipitate the desired thio 
analog of the starting material. * 25 
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Example 10 
2-Cyclobutanecarboxamidoben2imidazole 
5.6 g. of 2-aminobenzimidazole is added 
to 34 ml. of pyridine and the mixture is held 
5 at 0— 4°C with 5.0 g. of cyclobutanecarb- 
oxylic acid chloride being added slowly with 
stirring. The mixture is then stirred at room 
temperature for one hour during which time 
a considerable amount of solid forms in the 
iu reaction solution. The mixture is poured into 
5 volumes of water to precipitate a white 
solid, which is collected by filtration and air- 

268— 2 y 695°C ^ g * ° f product > 
15 The product is recrystallized twice from 
methanol yielding 3.36 g. of purified product, 
m.p. 268.5— 269.5°C. The Structure of the 
desired product is confirmed by elemental 
analysis, and IR and NMR spectral data. 

20 Example 11 

2-Cyclopropanecarboxarm^oben2irnida2ole 
in 5n g P rocedure detailed in Example 
lu, 10 g. of 2-aminobenzimidazoIe and 7 84 
g. of cydopropanecarboxylic acid chloride are 
reacted in 60 ml. of pyridine to give 11 44 g 
of crude product, m.p. 288 — 291 °C Two 
recrystallizations from w-propanol gives the 
desired product, m.p. 290— 291°C, the struc- 

™ f UI? ^^h is confirmed by elemental ana- 

30 lysis, IR and NMR spectral data. 

Example 12 
2 - Isobutyramido - 4 - methyl 
benzimidazole 

« a- - g 'o°J 3 " methyl ' ° " Phenylene- 
35 diamine, 8.7 g. of isobutyryl chloridef and 
3.44 g. of cyanamide are reacted in the fol- 
lowing manner: the cyanamide is dissolved 
mL Pyridine and the mixture is 

40 chloride is added in portions. 

AoJ> h % rea 5! ion .fixture is maintained at 0— 
4 C tor 15 mmutes and then kept at room 

Seved Ure Undl CompIete so^tion is 

45 a J? * °L 3 / me ? yl " ° ' Phenylenedi- 
amine is added to the reaction mixture and 
the resulting mixture is kept at room tem- 
perature for a few hours, and then heated on 

a S A 1f m bath for abaut 25 hours - 
50 After cooling to room temperature, the mix- 
ture is evaporated. The resulting oil is tri- 
turated with 100 ml. of 50% water-50°/ 
ethanol to give a crystalline solid. The solid 
is faltered off and sparingly washed with cold 
55 1:1 water-ethanol. 

This solid is suspended with stirring in 
vL co, ° f A :1 water /ethanol 5 and treated 
with 5 / 0 sodium hydroxide until solution is 
achieved. The filtered solution is cautiously 
ou treated with glacial acetic acid until the mix- 
ture reaches pH 6.5—7.0. The white 'solid 
which appears is filtered off after cooling to 
about 20°C, washed with cold 1 : 1 water/ 



ethanol, and dried to give 626 g. of crude 
product. 65 

The crude product is twice recrystallized 
from a 2: 3 ethanol/water mixture giving crys- 
talline platelets, m.p. 140—143 °C. The plate- 
lets are twice recrystallized from acetonitrile, 
then dried to give a white crystalline solid 70 
(m.p 142-144°C). The stricture of die 
desired product is confirmed by elemental 
analysis and by IR and NMR spectral data. 

Example 13 
5 - Chloro - 2 - isobutyramido- 75 
benzimidazole 
lo Xfo* 6 Pf ocedure detailed in Example 

1 ' 3 - 58 i^ 1 ? f 4 \ cYAoro ' * " Phenylene- 
diamme, 10.14 g. of isobutyryl chloride and 
4 g. of cyanamide are reacted to give 10.17 g 80 
gaude product (brown powder), m.p. 228— 

Two recrystallizations, first from 90% etha- 
nol and then from absolute ethanol, give 2 69 
g. of pure product, m.p. 232— 233.5 °C The 85 
structure of the desired product is confirmed 
by elemental analysis, and IR and NMR spec- 
tral data. r 



Example 14 
5 - n - Butyl - 2 - isobutyramido- 90 
benzimidazole 
12 ™f* e Procedure detailed in Example 
12, 16.23 g of 4 - n - butyl - o - phenylene- 
diamme dihydrochloride (first converting to 
give 12.2 g of the free amine), 7.88 of 95 
isobutyryl chloride and 3.11 g. of cvanamide 

m.p. 125— 128^C. The crude product is dis- 
solved in 50 ml. of ethanol while heaSs 

ZrV"^ b f h - ?? e soIution is filtered and 100 
water is slowly added until a slight opales- 
cence is present, followed by cryWation 
with increasing water addition. The crvstals 

43 fA wa f. d S 

1^<£>° f ? e desired Product (m.p. 128 ^ 105 
Y j *~J> wnose structure is confirmed bv 
ekmental analysis, IR and NMR^oS 

Example 15 
2-(2-Emylcaproylamino")benzimidazole 1 10 
Ten g. of 2-aminobenzimidazole and 1 2. 1 e 
ot 2-ethylhexanoyl chloride are reacted in the 
following manner. To a solution of the 2- 
ammobenzimidazole in 60 cc. of dried pvri- 
dme is added the acid chloride while cooling 115 
the pyridine solution at 10°C. The rnixturS 
is stirred at 0°C. for 20 rninutes, then at 
room temperature for 40 minutes. It is then 
poured into 500 ml. of water, giving an oil 
which is extracted three times with 200 cc. 120 
of benzene The combined benzene extracts 
are washed with several portions of water. 
Ihe benzene solution is evaporated to an oil, 

SerL°wAi ^ 1SS0 J^ . acet °nitrile, then 
ethereal HC1 is added until the solution is 125 
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red to litmus paper. Scratching the vessel 
initiates crystallization. The crystals are cooled, 
filtered off, washed with cold acetonitrile and 
dried. The solid is placed in 100 cc. of etna- 

5 nol, followed by the addition of sufficient 
water to cause solution. The solution is fil- 
tered during which time a solid crystallizes 
out The solid is cooled, filtered off, and dried, 
yielding the HC1 salt of the desired pro- 

10 duct (10.7 g.), m.p. 183— 186.5°C 

The free amine is obtained by placing the 
hydrochloride salt in alcohol and then adding 
aqueous ammonia until slightly alkaline. The 
free base slowly becomes crystalline from the 

15 initial gum that forms. Solid is filtered otl 
and dried. Part is recry stall lzed again from 
ethanol, yielding 6.7 g. 

This latter product is recrystallized from 
acetonitrile with white crystals forming slowly 

20 from the solution. The crystals are filtered 
off, washed with cold fresh acetonitrile, and 
dried to give 5.1 g. of product, m.p. 125— 
129°C. 

Example 16 

25 2-(N-methylpropionamido)benzimidazole m 
75 6 g. (0.7 moles) £jv.phenylenediamine is 
dissolved in 500 ml. of ethyl acetate at 65— 
70°C. Some dark insoluble material (pre- 
sumably a contaminant of the starting material) 

30 is filtered off. The solution is stirred at 60 C. 
and 51 g. (47.7 ml.=0.7 moles) of methyl 
isothiocyanate is added in portions. After 
about 3 /4 of the isothiocyanate is added, the 
temperature rises rapidly to reflux. The rest 

35 of the isothiocyanate is added very slowly and 
the mixture is kept at for 15 

minutes. It is then seeded and chilled. Ine 
thiourea is collected, washed with ethyl ace- 
tate, and air-dried to yield 87 m.p. 140°C. 

40 with decomposition and solidification. ^ 

60 g of vellow mercuric oxide is stirred 
in 300 ml. of ethanol at 65°C. The thiourea 
is added in portions, fairlv quickly. The mer- 
curic oxide darkens and the temperature rises 

45 to 73°C. The mixture is stirred at 73 C. 
for 10 minutes. The solids are filtered oft 
and an additional 30 g. of mercuric oxide is 
added. The mixture is stirred at 50— 60 C. 
for 15 minutes. The mercury salts are fil- 

50 tered off, and the ethanol is evaporated m 
vacuo. The resulting solid is dissolved in 100 
ml. water and dilute HC1. Darco charcoal is 
added and the mixture is filtered. The word 
"Darco" is a Trade Mark. The clear solu- 

55 tion is adjusted to pH 8—9 with aqueous 
ammonia and a heavy precipitate forms after 
cooling. The solid 2-methvlaminobenzimida- 
zole is collected, washed with cold water, and 
air dried to give 9 g., m.p. 188— 1?1 

60 An analytical sample is ^crystallized from 
acetonitrile to constant m.p. of 190—192 

1 5 g. C01 moles) of 2-methylaminobenz- 
imidazole is dissolved in about 10 ml. dry 
pyridine. The solution is cooled in an ice 

65 bath and 0.65 g. (0.007 moles) of propionyl 



chloride is added in 2 portions. After about 
one minute, white solid appears. The mix- 
ture is refluxed for 4 hours. The clear solu- 
tion is cooled slightly, and the pyridine evapor- 
ated. 40 ml. of water is added and a white 70 
solid collected, washed with water and dried 
to give 0.9 g., m.p. 1^8— 181°C 

The product is completely soluble in aque- 
ous alkali and can be repredpitated ^ by the 
addition of acetic acid to pH of 75. Ane so 
analytical sample is recrystallized from etha- 
nol/ water, m.p. 179 — 181°C. 

Example 17 
2-Isobutyrarmdo-5-niixobenziniidazole 

14 57 g. of 4 - nitro - a - phenylene- 80 
dkmine, 5.06 g. of isobutyryl chloride and 
2 g of cyanamide are reacted in the follow- 
ing manner: The cyanamide is dissolved in 
40 ml. of pyridine and the mixture is held 

at o 4°C. while stirring. The isobutyryl 85 

chloride is added, and the reaction mixture 
is maintained at 0— 4°C. for 15 minutes, then 
at room temperature for 35 minutes, during 
which time all of the solid dissolves. 

The 4 - nitro - o - phenylenediamine is 90 ^ 
added to the reaction mixture at room tem- 
perature over a 35 minute period. The re- 
sulting reaction mixture is heated on a steam 
bath for about 2 1/2 hours, followed by the - 
addition of 40 ml. of water, causing the for- 5*5 
mation (upon scratching) of a solid. The 
solid is removed by filtration. _ 

The filtrate is evaporated to dryness and 
the solid is suspended in 50 ml. of 50% acme- _ 
ous ethanol. Then 25 ml. of 2.5N sodium 100 _ 
hydroxide is added and the mixture manu- 
ally shaken for several minutes. After fil- 
tration, the filtrate is neutralized with glacial 
acetic acid, whereupon a solid preripitates, 
oily at first, solidifying upon scratching. This lt» 
alkali soluble fraction is collected, washed with 
aqueous ethanol, and dried to give 5.03 g. of 
product. 

The product is suspended in 35 ml. or 
50% aqueous ethanol and 10% sodium HO 
hydroxide is added, the insoluble material 
being filtered off. The filtrate is neutralized 
to precipitate a solid, which is to give 3 g. 
of product, m.p. 224.5— 227°C. 

The product is recrystallized from ethanol 
(65 ml.) and is charcoaled. It is cooled, col- 
lected, washed, and dried. The dried solid 
is again recrystallized from about 50 ml. or 
absolute ethanol, and is dessicated, 
0354 g. of pure product, m.p. 227—230 U u» _ 
The structure of the desired product is con- 
firmed by elemental analysis and by IK and 
NMR spectral data. 

Example 18 
2 - Cyclopropanecarboxamido - 4 
fluorometliylbenzimidazole 
22 g of 4 - trifluoromethyl - a - phenylene- 
diamine, 13.1 g. of cyclopropanecarboxyiic 



V 



tri- 
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acid chloride, and 5.2 g. of cyanamide are 
reacted in the following manner: The cyan- 
amide is dissolved in 100 ml of pyridine and 
the mixture is cooled with stirring. The acid 

5 chloride is added portionwise with stirring 
and cooling. After the addition, the mix- 
ture is stirred at 0.4°C. for about 10 minutes, 
and then at room temperature for 1 hour. 
The diamine is added portionwise, causing 

10 a slightly exothermic reaction. The reaction 
mixture is stirred at room temperature for 
about 30 minutes, then on a steam bath for 
about 2 1/2 hours. 

To the resulting mixture about 200 ml. 
15 of water is added slowly and the mixture 

is stirred for about 30 minutes and cooled. 

The precipitate is collected and washed with 

water and the solid is dried to give 11.5 g. 

crude product, m.p. 243— 247°C The pro- 
20 duct is recrystallized from about 450 ml. of 

ethanol plus 350 ml. water, and is cooled 

overnight. 

The precipitate is collected and washed with 
2: 1 water-ethanol to give 8.9 g., m.p. 249 — 
25 252°C. y 

Example 19 
2-(2-Furoylamino)benzimidazole 
2-Aminobenzimidazole (10.0 g., 0.075 
moles) is dissolved in 60 ml. of dry pyri- 

30 dine and the solution cooled in ice. To this 
stirred and cooled solution is added dropwise 
9.75 g. (0.075 moles) of furan-2-carboxvlic 
acid chloride over a 25 minute period. The 
mixture is stirred with cooling for 15 minutes, 

35 then at room temperature for about two hours, 
and then 200 ml. of water is added. After 
the mixture is cooled, the resulting solid is 
filtered off and dried. The crude product is 
placed in 400 ml. of 1:1 water-ethanol and 

40 sufficient 10% sodium hydroxide added to 
achieve solution. The solution is filtered 
through Super-Cel and the filtrate neutralized 
to pH 6.0. The word "Super-Cel" is a Trade 
Mark. The resulting solid is filtered off, 

45 washed with 1 : 1 water-ethanol, and dried. 
The compound is recrystallized by dissolving 
in a minimum of dry dimethylf ormamide and 
adding dry acetonitrile to the filtered warm 
solution until turbidity is reached. Cooling 

50 produces crystallization. A second recrystalli- 
zation, followed by extraction with hot water 
and drying; gives the pure title product, m.p. 
318— 320°C. dec. F 

Calc'd. for CH.N.O.: 
55 C, 63.43; H, 3.99; N, 18.49%. 
Found: 

C, 63.57; H, 3.97; N, 18.51%. 

To a methanol suspension of the product 
is added ethereal hydrogen chloride until the 
60 solution is red to litmus. The solution is 
cooled and scratched to give crystals of the 



product hydrochloride, which are collected 
and purified by recrystallization. 

Example 20 
2-(2-Thenoylamino)benzimidazole 65 

Thiophene - 2 - carboxylic acid (50 g., 
0.39 moles) and thionyl chloride (130 ml.) 
are warmed with stirring on a steam bath for 
about one hour. The excess thionyl chloride 
is then removed by distillation at atmospheric 70 
pressure. The acid chloride is distilled in 
vacuo at 82 — 84°C./or. 20 mm. 

The acid chloride (25 g., 0.17 moles) is 
added dropwise over a 15 minute period to 
a solution of 22.8 g. (0.17 moles) of 2- 75 
aminobenzimidazole in 140 ml. of dry pyri- 
dine. The mixture is stirred for an addi- 
tional 15 minutes and then maintained at 
65 — 75°C. for a half hour. The solution is 
poured into a 4-fold excess of ice water and 80 
the solid collected and washed with water. 
The solid is suspended in 400 ml. of 50% 
ethanol, and 10% sodium hydroxide is added 
until all the solid has dissolved. After the 
solution is filtered, acetic acid is added to 85 
pH 7.5, and the resulting solid collected. 
The solid is dissolved in dimethylformamide 
at steam bath temperature, the solution is 
filtered, and water is added until the cloud 
point is reached. After cooling, the precipi- 90 
tated material is collected and then boiled in 
water to remove any residual dimethylform- 
amide. The insoluble title product is filtered 
off. The compound melts at 308 — 309°C. 

Example 21 95 
2 - (2 - Pyrrolecarboxamido)benz- 
imidazole 

To 8.2 g. (0.0394 moles) of finely divided 
phosphorus pentachloride suspended in 30 ml. 
of chloroform (dried over P 2 0 5 ) and cooled 
in an ice bath is added in small portions 100 
over one half hour 4 g. (0.036 moles) of 
2-pyrrolecarboxylic acid with stirring. Dur- 
ing the course of the addition, the solution 
becomes thick and later is fluid. The chloro- 
form is removed at room temperature under 105 
vacuum. To the resulting black residue is 
added 40 ml. each of ether and dry petroleum 
ether (30— 60 C C), in that order, and the 
solution then filtered. The solvent is removed 
under vacuum at a temperature lower than 110 
20°C The ether-petroleum ether addition, fil- 
tration, and evaporation procedure is then 
repeated, except that about one-fourth of the 
solvent is left. Upon cooling, solid is formed 
and collected, and then washed with cold 115 
petroleum ether. Evaporation of the filtrate 
gives more of the material, which is the acid 
chloride. 

The acid chloride (0.95 g., 7.3 mmoles) is 
dissolved in 10 ml. of dry tetrahydrofuran 120 
and added dropwise to a solution of 0.98 g. 
(7.3 mmoles) of 2-aminobenzirnidazole in 30 
ml. of 5: 1 acetone-tetrahydrofuran and 2 ml 
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(1.48 g., 14.6 nunoles) of triethylamine. The 
mixture is stirred at room temperature for 1 
hour, the resulting solid removed, and ca. 
150 ml. of water is added to the filtrate. 

5 Freezing the filtrate gives a brown solid which 
is collected on thawing and suspended in ca. 
10 ml. of 50% ethanol. Sodium hydroxide 
(10%) is added until the solution is strongly 
basic. The insoluble material is then collected 

10 and the filtrate acidified to ca. pH 7 with 3N 
HC1. The resultant precipitate is filtered off 
and washed with 50% ethanol. The com- 
pound is dissolved in dimethylformamide at 
steam bath temperature, the solution filtered, 

15 and water added until a precipitate forms. 
The mixture is cooled and the precipitate col- 
lected and dried to give the title product, 
m.p. 316— 317°C. dec. 

Example 22 
20 5 - Amino - 2 - cyclopropanecarbox- 
amidobenz imidazole 
A solution of 5 - nitro - 2 - cyclopropane- 
carboxarmdobenzimidazole in formic acid is 
hydrogenated over 5 percent palladium-on- 
25 carbon. When hydrogen uptake is complete, 
the solvent is removed in vacuo, the residue 
diluted with water, and the product collected 
after neutralization to pH 6. 

The hydrochloride salt is prepared by 
30 evaporating a solution of the free amino com- 
pound in dilute hydrochloric acid to dryness. 

Example 23 
5(6) - Carboxy - 2 - (2 - furoyl- 
amino)benzimidazole 
35 Cyanamide (3.44 g.) is dissolved in 70 ml. 
of pyridine and the mixture is cooled to 0 — 
4°C; while stirring, 10.7 g. of furan-2-carb- 
oxylic acid chloride is added in portions. The 
reaction mixture is maintained at 0 — 4°C. 
40 for 15 minutes, and is then allowed to stand 
for a short period at room temperature. 

4 - Carboxy - o - phenylenediamine (12.5 
g.) is added and the resulting mixture is kept 
at room temperature for a few hours 3 and 
45 then heated on a steam bath for about 2.5 
hours. 

The pyridine is evaporated in vacuo, aque- 
ous alcohol is added, and the mixture is care- 
fully acidified with dilute hydrochloric acid 
50 to precipitate the crude product. 

The product is then purified by recrystalli- 
zation. 

WHAT WE CLAIM IS: — 
1. A compound of the formula 



55 




where A is (1) an unsubstituted or methyl 
substituted monocyclic 5r 
membered heterocyclic ring 
bonded to the carbonyl group 
through one of its carbon 60 
atoms; or 
(2) straight or branched chain 
alkyl of 2 to 10 carbon 
atoms; cycloalkyl or alkyl- 
cycloalkyl of 3 to 10 carbon 65 
atoms; straight or branched 
chain alkenyl of 3 to 10 car- 
bon atoms; straight or 
branched chain alkynyl.of 3 
to 10 carbon atoms; naph- 70 
thyl; alkylphenyl; or alkoxy- 
phenyl; provided that when 
A is alkenyl or alkynyl, the 
double or triple bond there- 
of is not conjugated with the 75 
C=X double bond; . 

X is oxygen or sulfur; 

R is hydrogen, alkyl of 1 to 10 carbon 
atoms, hydroxyalkyl of 1 to 10 carbon atoms, 
or benzyl; 80 

R 1 is hydrogen or alkyl of 1 to 10 car- 
bon atoms; and 

Y and Z are hydrogen, alkyl of 1 to 10 
carbon atoms, alkoxy of 1 to 10 carbon 
atoms, trifluoromethyl, amino, alkylaniino, di- 85 
alkylamino, cyano, acylamino, halo, hydroxy, 
nitro, alkylthio, carboxy, carbalkoxy, carb- 
amoyl, alkylcarbamoyl or dialkylcarbamoyl, all 
of the undefined substituent alkyl groups hav- 
ing 1 to 4 carbon atoms therein; ' 90 
or a pharmaceutical^ acceptable acid addition 
salt thereof. 

2. A compound of the formula 




where Y is hydrogen, alkyl or alkoxy of 1 95 
to 10 carbon atoms, chloro, bromo, 
trifluoromethyl, hydroxy, nitro, carb- 
oxy, carbamoyl, carbomethoxy, or 
dimemylamino; 
R is hydrogen, alkyl of 1 to 10 carbon 100 

atoms, or benzyl; and 
A is an unsubstituted or methyl sub- 
stituted monocyclic 5 -membered 
heterocyclic ring bonded; to the 
carbonyl carbon atom through one 105 
of its carbon atoms; 
or a pharmaceutical^ acceptable acid addi- 
tion salt thereof. 

3. A compound of the formula 
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R 1 X 



where A 



is 
alkyl 



straight 
of 2 to 



10 



15 



20 



25 



or branched chain 
•• ~ 10 carbon atoms; 
straight or branched chain alkenyl 
of 3 to 10 carbon atoms; or 
straight or branched chain alkynyl 
of 3 to 10 carbon atoms; provided 
that when A is alkenyl or alkynyl, 
the double or triple bond thereof 
is not conjugated with the C=X 
double bond; 
R is hydrogen, alkyl of 1 to 10 car- 
bon atoms, or hydroxyalkyl; 
R 1 is hydrogen or alkyl of 1 to 10 

carbon atoms; 
X is oxygen or sulfur; and 
Y and Z are hydrogen, alkoxy of 1 
to 10 carbon atoms, trifluoromethyl, 
amino, alkylamino, dialkylamino, 
cyano, acylamino, halo, hydroxy, 
alkylthio, carboxy, carbalkoxy, carb- 
amoyl, alkylcarbamoyl, or dialkyl- 
carbamoyl, all of the undefined sub- 
stituent alkyl groups having 1 to 
4 carbon atoms. 
A compound of the formula 




Yi II 



30 



35 



40 



where A is cycloalkyl or alkylcycloalkyi of 3 
to 10 carbon atoms; 
X is oxygen or sulfur; 
R is hydrogen, alkyl of 1 to 7 carbon 
atoms, or hydroxyalkyl of 1 to 7 
carbon atoms; 
R 1 is hydrogen or alkyl of 1 to 10 

carbon atomsj and 
Y and Z are hydrogen, straight or 
branched chain alkyl of 1 to 10 car- 
bon atoms, straight or branched chain 
alkoxy of 1 to 10 carbon atoms, tri- 
fluoromethyl, amino, alkylamino, di- 
alkylamino, acylamino, halo, hydroxy, 
alkylthio, carboxy, carbalkoxy, carb- 
amoyl, alkylcarbamoyl, or dialkyl- 
carbamoyl, all of the undefined sub- 



5. A 



stituent alkyl groups having 1 to 45 
4 carbon atoms, 
compound of the formula 




where Y and Z are hydrogen, methyl, 
methoxy, chloro, or trifluoromethyl; 
A is alkyl of 3 to 7 carbon atoms, 
cycloalkyl of 3 to 10 carbon atoms, 
or furyl. 
6. A compound of the formula 



50 




55 



where X is oxygen or sulfur, and 

A is alkyl of 3 to 7 carbon atoms. 

7. 2-Propionamidobenzirnidazole. 

8. 2-Butyramidobenzimidazole. 

9. 2-Isobutyramidobenzirnidazole. 

10. 2-Cyclopropanecarboxamidoben2imid- 



azole 
11. 
12. 
azole. 
13 



2-(2~Furoylamino)benzimidazole. 

2 - Cyclobutanecarboxamidobenzimid 



in 



2 - Isobutyramido - 4 - methyl 
benzimidazole. 

14. A compound as claimed in claim 1 
which X is oxygen, and R, R 1 , Y, and Z are 
hydrogen. 

15. An anthelmintic composition compris- 
ing 2 - cydopropanecarboximidobenzimidazole 
and a nontoxic pharmaceutical carrier. 

16. An anthelmintic composition compris- 
ing 2 - (2 - furoylarnino)benzimidazole and a 
nontoxic pharmaceutical carrier. 

17. An anthelmintic composition compris- 
ing a compound as claimed in Claim 1 and 
as disclosed in Examples 1—23 and a non- 
toxic pharmaceutical carrier therefor. 

18. An animal feed containing a compound 
as claimed in Claim 1. 

HASELTINE, LAKE & CO., 
Chartered Patent Agents, 
28, Southampton Buildings, 
Chancery Lane, London, W.C.2. 
Agents for the Applicants. 
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